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(57) ABSTRACT 

A plurality of imaging optical lenses (301a to 3010) form a 
plurality of subject images on a plurality of imaging regions 
(302a to 3020), respectively. When Viewed along a direction 
parallel With optical axes, at least one straight line connecting 
corresponding points in at least one pair of the subject images 
that are formed by at least one pair of the imaging optical 
lenses is inclined With respect to a direction in Which pixels 
are arranged in the imaging regions. In this Way, a high 
resolution image alWays can be obtained regardless of the 
subject distance. 
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COMPOUND-EYE IMAGING APPARATUS 

TECHNICAL FIELD 

The present invention relates to a compound-eye imaging 
apparatus that captures an image With a plurality of imaging 
optical lenses arranged substantially in the same plane. 

BACKGROUND ART 

Imaging apparatuses used in mobile equipment need to 
have both a high resolution and a small siZe. In many cases, 
the reduction in siZe is obstructed by the siZe and focal length 
of an imaging optical lens and the siZe of an imaging device. 

In general, since the refractive index of a material varies 
depending on the Wavelength of light, it is dif?cult to form an 
image of light from a subject including information of an 
entire Wavelength range on an imaging plane using a single 
lens. Therefore, in an optical system of usual imaging appa 
ratuses, a plurality of lenses are arranged along an optical axis 
direction so that images of red Wavelength light, green Wave 
length light and blue Wavelength light are formed on the same 
imaging plane. Accordingly, the optical system is elongated, 
resulting in a thicker imaging apparatus. 

Therefore, as a technique effective for a reduction in siZe of 
imaging apparatuses, particularly for a reduction in thickness, 
a compound-eye imaging apparatus has been proposed in 
Which a plurality of single lenses having a short focal length 
are arranged substantially in the same plane (see JP 2002 
204462 A, for example). A compound-eye color imaging 
apparatus includes an optical system having a lens for blue 
Wavelength light, a lens for green Wavelength light and a lens 
for red Wavelength light that are arranged on the same plane, 
and imaging devices respectively corresponding to the lenses. 
Since the Wavelength range of light handled by each lens is 
limited, it becomes possible to form a subject image on the 
imaging device using the single lenses. Therefore, the thick 
ness of the imaging apparatus can be reduced considerably. 

FIG. 15 is a perspective vieW shoWing an exemplary com 
pound-eye imaging apparatus. Numeral 900 denotes a lens 
array including three lenses 901a, 9011) and 9010 that are 
formed integrally. The lens 90111 is for red Wavelength light 
and forms a subject image in an imaging region 90211. A red 
Wavelength separation ?lter (color ?lter) is attached to pixels 
(photodetector portions) in the imaging region 902a, and the 
imaging region 902a converts the formed red subject image 
into image information. Similarly, the lens 901!) is for green 
Wavelength light and forms a subject image in an imaging 
region 9021). A green Wavelength separation ?lter (color ?l 
ter) is attached to pixels (photodetector portions) in the imag 
ing region 902b, and the imaging region 9021) converts the 
formed green subject image into image information. Further, 
the lens 9010 is for blue Wavelength light and forms a subject 
image in an imaging region 9020. A blue Wavelength separa 
tion ?lter (color ?lter) is attached to pixels (photodetector 
portions) in the imaging region 9020, and the imaging region 
9020 converts the formedblue subject image into image infor 
mation. The pieces of image information outputted from the 
imaging regions 902a, 9021) and 9020 are superposed and 
synthesiZed, thereby obtaining color image information. 

Although the compound-eye imaging apparatus described 
above can achieve a reduced thickness, it has a problem of a 
poorer resolution compared With a usual single-eye imaging 
apparatus. In the single-eye imaging apparatus, an imaging 
device having a large number of pixels (photodetector por 
tions) arranged in an image forming plane converts incident 
light into image information. In order to take out color infor 
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2 
mation at each position, the pixels respectively are provided 
With Wavelength separation ?lters (color ?lters) in a Bayer 
arrangement. In other Words, the Wavelength separation ?l 
ters transmitting green light are arranged in a checkered pat 
tern so as to correspond to the arrangement of the large 
number of pixels arranged in a matrix, and the Wavelength 
separation ?lters transmitting red light and those transmitting 
blue light are arranged alternately in the rest of the pixels. 
Each of the pixels only outputs the color information corre 
sponding to the Wavelength range of the light that is transmit 
ted by the Wavelength separation ?lter provided in that pixel 
and does not output color information corresponding to the 
Wavelength range of the light that is not transmitted thereby. 
HoWever, since the pieces of color information of three colors 
are knoWn to be correlated in a local region of an image (see 
Hiroaki KOTERA and tWo others, “Representation of Full 
Color Image from a Single Color Image Using Color Corre 
lation” Proceedings of 1988 Annual Conference of The Insti 
tute of Image Electronics Engineers of Japan 20, pp. 83-86 
(1988), for example), the green color information can be 
estimated from the red or blue color information. UtiliZing 
such characteristics, the missing color information is interpo 
lated in the imaging device With the Wavelength separation 
?lters in the Bayer arrangement. Accordingly, it is possible to 
obtain a color image having a resolution corresponding to 
pixels as many as the total number of pixels. For example, in 
an imaging device With 1,000,000 pixels, 500,000 pixels 
detect green color information, 250,000 pixels detect blue 
color information, and 250,000 pixels detect red color infor 
mation. HoWever, by the above-described interpolation, it is 
possible to obtain color information having a resolution cor 
responding to 1,000,000 pixels for each of red, green and 
blue. 
On the other hand, in the compound-eye imaging appara 

tus, since each of the imaging regions corresponding to the 
respective colors acquires any of red, green and blue color 
information, a color image corresponding to pixels as many 
as the pixels in that imaging region is achieved. For example, 
in the case Where red color information, green color informa 
tion and blue color information are acquired by three imaging 
regions each With 250,000 pixels, 750,000 pixels in total are 
needed, but the resolution of a color image obtained by super 
position corresponds to 250,000 pixels. 
As a method for improving the image resolution, there is a 

knoWn technology called “pixel shifting” in Which plural 
pieces of image information Whose positional relationships 
betWeen a subject image and pixels are shifted from each 
other are acquired by shifting the relative positional relation 
ship betWeen an optical system and an imaging device time 
Wise or by separating a light beam into plural beams using a 
prism and making them to enter plural imaging devices and 
then synthesiZed so as to achieve a high-resolution image (see 
JP 10(1998)-304235 A, for example). In this case, the optimal 
amount of shifting is determined by the direction of shifting 
and the number of pieces of image information to be acquired. 
For example, in the case of synthesizing tWo pieces of image 
information, When the relative positional relationship 
betWeen the subject image and the pixels is shifted by an odd 
multiple of one-half the arrangement pitch of the pixels (in the 
folloWing, referred to as the “pixel pitch”) betWeen the tWo 
pieces of image information, it is possible to obtain the high 
est resolution image. This technology is applicable as long as 
it is possible to acquire plural pieces of image information 
Whose relative positional relationships betWeen the subject 
image formed by the lens and the pixels of the imaging device 
are shifted from each other, regardless of the method of shift 
ing. In the present invention, the relative positional relation 
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ship between the subject image and the pixels of the imaging 
device that makes it possible to acquire the plural pieces of 
image information Whose relative positional relationships 
betWeen the subject image and the pixels of the imaging 
device are shifted from each other and to synthesize these 
plural pieces of image information so as to obtain a high 
resolution image is referred to as a “shifted pixel arrange 
ment.” 

In the compound-eye imaging apparatus, a high-resolution 
image also can be obtained as long as the relative positional 
relationships betWeen the subject image and the pixels are 
shifted betWeen plural pieces of image information, in other 
Words, the shifted pixel arrangement can be achieved. 

For example, JP 2002-209226 A mentions that, in a com 
pound-eye imaging apparatus using a plurality of lenses to 
form a plurality of subject images on a plurality of imaging 
regions, a high-resolution image is obtained by arranging the 
plurality of lenses and a plurality of imaging devices so that 
the individual subject images are formed so as to be shifted in 
a direction connecting optical axes of the lenses, thus achiev 
ing the shifted pixel arrangement. 

Also, in the compound-eye imaging apparatus, it is pos 
sible to determine the distance to a subject using a parallax 
generated due to the difference betWeen the optical axes of the 
plurality of lenses. 

DISCLOSURE OF INVENTION 

Problem to be Solved by the Invention 

HoWever, in order to obtain a hi gh-resolution image by the 
pixel shifting technology, the relative positional relationship 
betWeen the subject image and the pixels alWays has to be the 
shifted pixel arrangement. FIG. 16A is a side vieW shoWing 
the positional relationship betWeen a plurality of lenses, a 
subject and subject images in a compound-eye imaging appa 
ratus, and FIG. 16B is a plan vieW thereof. FIG. 16A shoWs 
the state as vieWed along a direction perpendicular to a plane 
including the optical axes of the plurality of lenses, and FIG. 
16B shoWs the state vieWed along a direction parallel With the 
optical axes of the lenses. Numerals 200a and 20019 denote the 
optical axes of lenses 201a and 201b, and numeral 202a and 
20219 denote positions at Which the optical axes cross an 
imaging region 203. An image of a subject 204 located on the 
optical axis 20011 is formed as subject images 205a and 20519 
by the lenses 201a and 20119. In the compound-eye imaging 
apparatus, since the optical axes 200a and 20019 of the lenses 
201a and 20119 are different, When the distances from the 
lenses 201a and 20119 to the subject 204 vary, the position of 
the subject image 2051) moves in the imaging region 203 
along a straight line 206 connecting intersection points 20211 
and 20219. This phenomenon is called “parallax.” When A 
indicates a subject distance (the distance from the lens 20111 to 
the subject 204), d indicates the distance betWeen the optical 
axes 200a and 20019 and f indicates an imaging distance, an 
amount S that the subject image 2051) is shifted from the 
intersection point 202!) is expressed by the folloWing for 
mula. 

[Formula I] 

In this Way, the relative positional relationship betWeen the 
subject image 2051) and the pixels in the direction of the 
straight line 206 varies according to the subject distance A. 
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4 
Thus, When the shifting amount S of the subject image in the 
direction of the straight line 206 is set to a predetermined 
relationship With respect to the pixel pitch, the resolution 
varies depending on the subject distance A, causing a problem 
that it is not alWays possible to obtain a high-resolution 
image. 

It is an object of the present invention to provide a com 
pound-eye imaging apparatus that can alWays obtain a high 
resolution image regardless of the subject distance. 

Means for Solving Problem 

A compound-eye imaging apparatus according to the 
present invention includes a plurality of imaging optical 
lenses arranged in substantially the same plane, and a plural 
ity of imaging regions for converting into a plurality of pieces 
of image information a plurality of subject images that are 
formed respectively by the plurality of imaging optical 
lenses. Each of the plurality of imaging regions includes a 
large number of pixels that are arranged in a plane perpen 
dicular to respective optical axes of the plurality of imaging 
optical lenses. 

Then, When vieWed along a direction parallel With the 
optical axes, at least one straight line connecting correspond 
ing points in at least one pair of the subject images that are 
formed by at least one pair of the imaging optical lenses is 
inclined With respect to a direction in Which the pixels are 
arranged. 

Effects of the Invention 

In accordance With the present invention, the shifted pixel 
arrangement can be achieved in a direction perpendicular to a 
direction in Which the pixels are arranged. The subject dis 
tance has substantially no in?uence on the relationship of this 
shifted pixel arrangement. Therefore, it alWays is possible to 
obtain a high-resolution image regardless of the subject dis 
tance. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective vieW shoWing a schematic con?gu 
ration of a compound-eye imaging apparatus according to 
Embodiment l of the present invention. 

FIG. 2 is a plan vieW shoWing a positional relationship 
betWeen optical axes of lenses and pixels in imaging regions 
in the imaging apparatus according to Embodiment l of the 
present invention. 

FIG. 3 is a plan vieW for describing image information 
synthesis in the imaging apparatus according to Embodiment 
l of the present invention. 

FIG. 4 is a plan vieW shoWing the image information syn 
thesis When an image of a distant subject is captured. 

FIG. 5 is a plan vieW shoWing the image information syn 
thesis When an image of a near subject is captured. 

FIG. 6A is a plan vieW shoWing an imaging apparatus 
according to Example 1 of the present invention. 

FIG. 6B is a sectional vieW thereof taken along a line 
6B-6B in FIG. 6A. 

FIG. 7A is a plan vieW shoWing an arrangement of the 
lenses in the imaging apparatus according to Embodiment l 
of the present invention. 

FIG. 7B is a plan vieW shoWing an arrangement of lenses in 
an imaging apparatus according to Embodiment 2 of the 
present invention. 

FIG. 8A is a plan vieW shoWing an imaging apparatus 
according to Example 2 of the present invention. 
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FIG. 8B is a sectional vieW thereof taken along a line 
8B-8B in FIG. 8A. 

FIG. 9A is a plan vieW showing an arrangement of lenses 
constituting a lens array in the imaging apparatus according 
to Example 2 of the present invention. 

FIG. 9B is a plan vieW shoWing the arrangement of the 
lenses When the lens array has been rotated from the state 
shoWn in FIG. 9A in the imaging apparatus according to 
Example 2 of the present invention. 

FIG. 10A is a plan vieW shoWing an imaging apparatus 
according to Example 3 of the present invention. 

FIG. 10B is a sectional vieW thereof taken along a line 
10B-10B in FIG. 10A. 

FIG. 11A is a plan vieW shoWing an imaging apparatus 
according to Example 4 of the present invention. 

FIG. 11B is a sectional vieW thereof taken along a line 
11B-11B in FIG. 11A. 

FIG. 12A is a plan vieW shoWing an arrangement of a color 
?lter provided on one imaging region in the imaging appara 
tus according to Example 4 of the present invention. 

FIG. 12B is a plan vieW shoWing an arrangement of a color 
?lter provided on the other imaging region in the imaging 
apparatus according to Example 4 of the present invention. 

FIG. 13A is a plan vieW shoWing another arrangement of 
the color ?lters provided on one imaging region in the imag 
ing apparatus according to Example 4 of the present inven 
tion. 

FIG. 13B is a plan vieW shoWing another arrangement of 
the color ?lters provided on the other imaging region in the 
imaging apparatus according to Example 4 of the present 
invention. 

FIG. 14A is a plan vieW showing yet another arrangement 
of the color ?lters provided on one imaging region in the 
imaging apparatus according to Example 4 of the present 
invention. 

FIG. 14B is a plan vieW shoWing yet another arrangement 
of the color ?lters provided on the other imaging region in the 
imaging apparatus according to Example 4 of the present 
invention. 

FIG. 15 is a perspective vieW shoWing a schematic con 
?guration of an example of a conventional compound-eye 
imaging apparatus. 

FIG. 16A is a side vieW shoWing a positional relationship 
among a plurality of lenses, a subject and subject images in a 
compound-eye imaging apparatus. 

FIG. 16B is a plan vieW shoWing a positional relationship 
betWeen optical axes of the plurality of lenses and the subject 
images in the compound-eye imaging apparatus. 

DESCRIPTION OF THE INVENTION 

In the present invention, the “direction in Which the pixels 
are arranged” is determined as folloWs. A plurality of parallel 
?rst straight lines and a plurality of parallel second straight 
lines that are included in a plane in Which a large number of 
pixels are arranged are assumed. The inclination of the plu 
rality of ?rst straight lines and that of the plurality of second 
straight lines are set so that the large number of pixels all are 
arranged at a plurality of intersection points at Which these 
plurality of ?rst straight lines and these plurality of second 
straight lines cross. Each of a ?rst direction and a second 
direction that are respectively parallel With the plurality of 
?rst straight lines and the plurality of second straight lines set 
as above is referred to as the “direction in Which the pixels are 
arranged.” 

Further, in the present invention, the “direction in Which 
the pixels are arranged,” on Which attention is focused When 
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6 
considering the relationship With the straight line connecting 
a pair of optical axes of a pair of the imaging optical lenses, 
refers to a direction that forms a smaller angle (smaller than 
90°) With the straight line connecting the pair of optical axes 
among the ?rst direction and the second direction described 
above. 

Moreover, in the present invention, the straight line being 
“inclined” With respect to the direction in Which the pixels are 
arranged means that the straight line and the direction in 
Which the pixels are arranged are not parallel With each other 
but cross at an angle other than 90°. 

In the present invention, since a pair of the subject images 
that are formed by a pair of the imaging optical lenses are 
formed in the relationship of the shifted pixel arrangement in 
a direction perpendicular to the direction in Which the pixels 
are arranged, the shifted pixel arrangement alWays can be 
achieved regardless of the distance to the subject. In other 
Words, When vieWed along the direction parallel With the 
optical axes of the lenses, by adjusting the angle 6 that the 
straight line connecting the pair of optical axes of the pair of 
imaging optical lenses forms With the direction in Which the 
pixels are arranged, the shifted pixel arrangement is achieved 
in a direction (in the folloWing, referred to as a “pixel shifting 
direction”) at right angles With the direction, in Which the 
pixels are arranged, forming the angle 6 With this straight line 
connecting the pair of optical axes. 

In the case Where the plurality of pieces of image informa 
tion obtained from the plurality of imaging regions are syn 
thesiZed, an image With the highest resolution is obtained 
When 

is satis?ed, Where d indicates the distance betWeen optical 
axes of a pair of imaging optical lenses, p indicates an 
arrangement pitch of the pixels along a direction perpendicu 
lar to the direction in Which the pixels are arranged and n 
indicates a positive integer. 

In practice, due to manufacturing variations, it is dif?cult to 
manufacture an imaging apparatus that satis?es this equation 
completely. When this equation is satis?ed substantially, the 
effect of pixel shifting is achieved. In other Words, When the 
inequality 

is satis?ed, it is possible to obtain a high-resolution image by 
pixel shifting. 

Also, even With manufacturing variations, the shifted pixel 
arrangement can be achieved easily and reliably by adjusting 
the angle 6. Thus, the manufacturing is easy, leading to 
improved yield at the time of mass production. 

In the present invention, by focusing attention on the fact 
that the parallax component in the pixel shifting direction is 
extremely small, the effect of pixel shifting is achieved 
regardless of the subject distance. HoWever, it is dif?cult to 
bring the parallax component in the pixel shifting direction to 
Zero. As described above, the parallax increases sharply as the 
subject distance decreases. Also, the parallax component in 
the pixel shifting direction increases in keeping With the angle 
6 (namely, n). Thus, it is preferable that n satis?es 

Here, Amin indicates a distance to the nearest subject 
Whose image is to be captured (the minimum value of the 
subject distance A), and f indicates an imaging distance. 
When n satis?es the above-noted relationship, the angle 6 is 
extremely small, so that a direction along Which the subject 
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image moves according to the variation in the subject distance 
(in other Words, a direction of the straight line connecting the 
pair of optical axes) and the direction in Which the pixels are 
arranged can be considered as substantially the same. Then, it 
becomes possible substantially to ignore the parallax compo 
nent in the pixel shifting direction. Thus, the shifted pixel 
arrangement in the pixel shifting direction alWays can be 
achieved regardless of the subject distance. 

Since the refractive index of a lens material and the e?i 
ciency of a diffraction grating depend on Wavelengths, the 
lens characteristics improve by limiting the Wavelengths. 
Accordingly, in the present invention, it is preferable that a 
?lter transmitting light at a predetermined Wavelength is pro 
vided on each optical path of the plurality of imaging optical 
lenses. This limits the Wavelengths of the subject images to be 
formed on the imaging regions, thereby achieving clear 
images. The pre-synthesis images subjected to the pixel shift 
ing are clear, so that a synthesiZed high-resolution image also 
becomes clear. 

Further, ?lters transmitting light in the same Wavelength 
range may be provided on individual optical paths of the 
plurality of imaging optical lenses. Thus, using a plurality of 
clear images in the same Wavelength range, the subject dis 
tance can be determined by the parallax. As described above, 
the parallax caused by the difference in subject distance 
occurs in the direction of the straight line connecting the 
optical axes of the pair of lenses. In response to this, in the 
present invention, the shifted pixel arrangement is set in the 
direction perpendicular to the straight line connecting the 
optical axes of the pair of lenses. In this Way, since the direc 
tion in Which the parallax occurs and the direction of the 
shifted pixel arrangement are different in the present inven 
tion, variations in the subject distance (namely, the parallax) 
have substantially no in?uence on the shifted pixel arrange 
ment. Thus, the accuracy of determining the subject distance 
does not vary substantially regardless of the subject distance, 
thus making it possible both to determine the subject distance 
and to raise the image resolution. 

In order to achieve the shifted pixel arrangement in the 
present invention, the amount of pixel shifting, namely, the 
value of “d><sin 6” has to be set appropriately. For this pur 
pose, it is appropriate to make ?ne adjustment to the angle 6 
While maintaining the distance d betWeen the optical axes to 
be constant. Thus, it is preferable that the plurality of imaging 
optical lenses is an integrally-formed lens array. In this Way, 
by making an adjustment so as to rotate slightly the entire lens 
array With respect to the plurality of imaging regions Within a 
plane parallel With photodetector surfaces of the plurality of 
imaging regions instead of adjusting individual lenses, it is 
possible to achieve the shifted pixel arrangement in the 
present invention. Thus, the shifted pixel arrangement can be 
achieved easily Without the need for assembling or forming a 
lens array at a high accuracy. 

It is preferable that the imaging apparatus according to the 
present invention further includes a mechanism of rotating 
the plurality of imaging optical lenses and the plurality of 
imaging regions relative to each other in the plane perpen 
dicular to the optical axes of the plurality of imaging optical 
lenses. 
By providing such a rotating mechanism, it becomes pos 

sible to adjust the pixel shifting amount, namely, the angle 6 
easily and accurately in a manufacturing process. Inciden 
tally, the adjustment of the angle 6 is carried out in the manu 
facturing process, and the rotating mechanism already is ?xed 
in a ?nal product. 

It is preferable that the imaging apparatus according to the 
present invention further includes a mechanism of adjusting a 
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8 
distance betWeen the plurality of imaging optical lenses and 
the plurality of imaging regions. 

This makes it possible to arrange the imaging regions reli 
ably in imaging planes of the respective lenses, thereby 
achieving a plurality of pieces of clearer image information. 
Accordingly, by synthesiZing these plurality of pieces of 
image information, a higher-resolution image can be 
obtained. 

In the imaging apparatus according to the present inven 
tion, it is preferable that the number of the imaging optical 
lenses is at least three. In this case, it is preferable that, When 
vieWed along the direction parallel With the optical axes, a 
?rst straight line and a second straight line respectively con 
necting the optical axes of tWo pairs of the imaging optical 
lenses form substantially a right angle and that 

are satis?ed, Where, When vieWed along the direction parallel 
With the optical axes, 61 indicates an angle that the ?rst 
straight line forms With a ?rst arrangement direction of the 
pixels, 62 indicates an angle that the second straight line 
forms With a second arrangement direction of the pixels, dl 
indicates a distance betWeen the optical axes of a pair of the 
imaging optical lenses arranged along the ?rst straight line, 
d2 indicates a distance betWeen the optical axes of a pair of the 
imaging optical lenses arranged along the second straight 
line, pl indicates an arrangement pitch of the pixels along a 
direction perpendicular to the ?rst arrangement direction, p2 
indicates an arrangement pitch of the pixels along a direction 
perpendicular to the second arrangement direction, and m and 
n indicate positive integers. 

Here, in the case Where the pixels are arranged along tWo 
directions, a direction that forms a smaller angle (smaller than 
90°) With the ?rst straight line among the tWo arrangement 
directions is de?ned as the “?rst arrangement direction,” and 
a direction that forms a smaller angle (smaller than 90°) With 
the second straight line is de?ned as the “second arrangement 
direction.” 

In this Way, the shifted pixel arrangement can be achieved 
in a plurality of directions, thereby improving the resolution 
in these plurality of directions.Also, since at least three lenses 
are provided, pieces of image information of red, green and 
blue are obtained through the respective lenses and synthe 
siZed, thereby obtaining a color image. In the above descrip 
tion, the arrangement pitches pl and p2 of the pixels may be 
the same, Which achieves a similar effect. 

In the above description, it is preferable that the distance dl 
betWeen the optical axes and the distance d2 betWeen the 
optical axes are different. 

In order to improve the resolution in a plurality of direc 
tions, the amounts of pixel shifting in the respective direc 
tions, namely, dl><sin 61 and d2><sin 62 need to be adjusted. 
HoWever, When using a lens array in Which a plurality of 
lenses are integrally-formed, it is not possible to adjust the 
positions of the individual lenses independently. Also, the 
positions of the lenses might include forming errors. If 
dl#d2, the amount of pixel shifting in the respective direc 
tions When the lens array is rotated With respect to the imaging 
regions is adjusted in a Wider range. Consequently, even When 
the lens array involves forming errors, it is possible to opti 
miZe the amount of pixel shifting in a plurality of directions, 
thus improving the resolution in the plurality of directions. 

Alternatively, the arrangement pitch pl and the arrange 
ment pitch p2 may be different. In this case, even When the 
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lens array involves forming errors, it also is possible to opti 
miZe the amount of pixel shifting in a plurality of directions, 
thus improving the resolution in the plurality of directions. 

In the imaging apparatus according to the present inven 
tion, it is preferable that the number of the imaging optical 
lenses is four and the number of the imaging regions is four. 
In this case, When vieWed along the direction parallel With the 
optical axes, optical axes of the four imaging optical lenses 
preferably are arranged at vertices of a substantial rectangle. 
Also, it is preferable that a ?lter transmitting light in a blue 
Wavelength range is provided on an optical path of light 
entering one of the four imaging regions, a ?lter transmitting 
light in a red Wavelength range is provided on an optical path 
of light entering one of the remaining three imaging regions, 
and a ?lter transmitting light in a green Wavelength range is 
provided on an optical path of light entering the remaining 
tWo imaging regions. 

This makes it possible to calculate a parallax amount using 
the tWo pieces of green image information containing much 
brightness information. By calculating the parallax amount 
using light in the same Wavelength range, the accuracy of the 
parallax amount improves. Using this parallax amount, par 
allax amounts of red image information and blue image infor 
mation can be calculated, respectively. Thus, it is possible to 
obtain a color image Whose resolution is raised in the tWo 
directions. Also, the subject distance may be calculated using 
this parallax amount. In that case, the accuracy of the subject 
distance improves. 

It is preferable that the four imaging regions are formed on 
a common single imaging device, and the substantial rect 
angle and a shape of an effective pixel region of the imaging 
device are substantially similar. This makes it possible to 
utiliZe the pixels in the imaging device effectively Without 
any Waste. 

The folloWing is a detailed description of embodiments of 
the present invention, With reference to the accompanying 
draWings. 

Embodiment l 

A compound-eye imaging apparatus according to the 
present embodiment improves vertical and horiZontal spatial 
sampling characteristics compared With a conventional com 
pound-eye imaging apparatus. 

FIG. 1 is a perspective vieW shoWing an example of the 
compound-eye imaging apparatus according to Embodiment 
l. Numeral 300 denotes a lens array formed of a transparent 
resin and including three lenses 301a, 3011) and 3010 that are 
integrally-formed. Optical axes 300a, 3001) and 3000 of the 
three lenses 301a, 3011) and 3010 are parallel With each other. 
The three lenses 301a, 3011) and 3010 are arranged in sub 
stantially the same plane so that, When vieWed along a direc 
tion parallel With these optical axes, a ?rst straight line 211 
connecting the optical axes 300a and 30019 and a second 
straight line 212 connecting the optical axes 30019 and 3000 
form a right angle. The lenses 301a, 3011) and 3010 form 
subject images on imaging regions 302a, 3021) and 3020, 
respectively. The imaging regions 302a, 3021) and 3020 
respectively have a large number of pixels (photodetector 
portions) arranged in a plane orthogonal to the optical axes 
300a, 3001) and 3000, and each of the pixels converts incident 
light into electric signals. In this Way, the imaging regions 
302a, 3021) and 3020 convert the subject images respectively 
formed thereon into pieces of image information and output 
them. The imaging regions 302a, 3021) and 3020 are formed 
by dividing an effective pixel region of a common single 
imaging device. Thus, the pieces of image information from 
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10 
the imaging regions 302a, 3021) and 3020 are obtained by 
extracting pixel signals corresponding to the respective imag 
ing regions from the signals outputted from this single imag 
ing device. 

In order to achieve a high-resolution image, the three lenses 
301a, 3011) and 3010 and the imaging regions 302a, 3021) and 
3020 are arranged so that a shifted pixel arrangement in a 
direction perpendicular to each of directions in Which the 
pixels are arranged is achieved betWeen the subject images 
formed respectively by the lenses 301a, 3011) and 3010 and 
the pixels in the imaging regions 302a, 3021) and 3020. This 
Will be described in the folloWing. 

FIG. 2 is a plan vieW shoWing the positional relationship 
betWeen the optical axes of the lenses and the pixels in the 
imaging regions, taken along a direction parallel With the 
optical axes. 

Numerals 100a, 1001) and 1000 denote pixels arranged in 
the imaging regions 302a, 3021) and 3020. Since the imaging 
regions 302a, 3021) and 3020 are formed by dividing the 
effective pixel region of the single imaging device as 
described above, an arrangement direction and a pixel pitch of 
the pixels 100a, 1001) and 1000 in the respective imaging 
regions 302a, 3021) and 3020 are the same among the imaging 
regions 302a, 3021) and 3020. In FIG. 2, pixels outside the 
imaging regions 302a, 3021) and 3020 are omitted. As shoWn 
in the ?gure, the pixels 100a, 1001) and 1000 are arranged in 
a matrix along vertical and horiZontal directions. A direction 
parallel With the vertical arrangement direction (a ?rst 
arrangement direction) is given by a Y axis, and a direction 
parallel With the horiZontal arrangement direction (a second 
arrangement direction) is given by an X axis. Then, a direc 
tion parallel With the optical axes 300a, 3001) and 3000 is 
given by a Z axis. The X axis, theY axis and the Z axis cross 
at right angles to each other. 
Numeral 101a, 1011) and 1010 denote intersection points of 

the optical axes 300a, 3001) and 3000 ofthe lenses 301a, 3011) 
and 3010 and the imaging regions 302a, 3021) and 3020, 
respectively. 
The angle that the ?rst straight line 211 connecting the 

intersection points 10119 and 10111 forms With the ?rst 
arrangement direction of the pixels (the Y axis) is given by 
0(0§90°). Assuming that the three lenses 301a, 3011) and 
3010 are integrally-formed in the lens array 300 Without any 
errors, the angle that the second straight line 212 connecting 
the intersection points 10119 and 1010 forms With the second 
arrangement direction of the pixels (the X axis) also is 0. 
When d indicates the distance betWeen the intersection 

points 10119 and 10111 (namely, the distance betWeen the opti 
cal axes 30019 and 300a), the intersection point 10111 is shifted 
from the intersection point 101!) by d><sin 0 in the X-axis 
direction. If this amount of shifting is an odd multiple of 
one-half a pixel pitch pl in the X-axis direction of the imaging 
device, the image information converted by the imaging 
region 302a serves as information of portions 1021) between 
the pixels in the X-axis direction of the image information 
converted by the imaging region 3021). 

Numerals 103a, 1031) and 1030 denote subject images of a 
subject located on the optical axis 300!) that are formed by the 
lenses 301a, 3011) and 3010. The positions of the subject 
images 103a, 1031) and 1030 vary according to the positions 
ofthe optical axes 300a, 3001) and 3000 ofthe lenses and the 
subject distance (the subject distance A in FIG. 16A). Thus, 
due to parallax, the subject image 103a formed by the lens 
30111 is formed at a position shifted from the intersection 
point 10111 to a side aWay from the intersection point 101!) 
along the direction of the ?rst straight line 211 connecting the 
intersection points 10119 and 10111. Since the ?rst straight line 


















